Prior studies have examined differences in brain volume between patients with post-traumatic stress disorder (PTSD) and control subjects. Convergent findings include smaller hippocampus and medial prefrontal cortex volumes in PTSD. However, post-traumatic stress symptoms (PTSS) exist on a spectrum, and neural changes may occur beyond the diagnostic threshold of PTSD. We examined the relationship between PTSS and gray matter among combat-exposed U.S. military veterans. Structural brain magnetic resonance imaging (MRI) was obtained on 28 combat veterans from Operations Enduring and Iraqi Freedom. PTSS were assessed using the Clinician-Administered PTSD Scale (CAPS). Thirteen subjects met criteria for PTSD. Subjects were unmedicated, and free of major comorbid psychiatric disorders. Images were analyzed using voxel-based morphometry, and regressed against the total CAPS score and trauma load. Images were subsequently analyzed by diagnosis of PTSD vs. non-PTSD. CAPS scores were inversely correlated with volumes of the subgenual cingulate (sgACC), caudate, hypothalamus, insula, and left middle temporal gyrus (MTG). Group contrast revealed smaller sgACC, caudate, hypothalamus, left insula, left MTG, and right MFG in the PTSD group. PTSS are associated with abnormalities in limbic structures that may underlie the pathophysiology of PTSD. These abnormalities exist on a continuum with PTSS, beyond a diagnosis of PTSD.
Introduction
Post-traumatic stress disorder (PTSD) and post-traumatic stress symptoms (PTSS) are highly prevalent in military service members returning from Operations Enduring/Iraqi Freedom (OEF/OIF) (Hoge et al., 2006) . As many as 30% of returning veterans have been found to have PTSD or significant PTSS 1 year after deployment (Thomas et al., 2010) . There is a great need to better understand the pathophysiology of PTSD and discover biomarkers of the illness. This knowledge could eventually aid in the detection of vulnerability (or resilience) prior to, or shortly after, trauma exposure, or be used as an additional assessment for illness severity in PTSD.
One approach toward elucidating the pathophysiology of PTSD has been the use of structural magnetic resonance imaging (MRI), with comparison between PTSD and control groups. Convergent findings include smaller hippocampus and medial prefrontal cortex (mPFC) volumes, including the anterior cingulate cortex (ACC). Several studies also suggest reduced insula volumes in PTSD (Corbo et al., 2005; Chen et al., 2006; Kasai et al., 2008) . The hippocampus is important for new memory consolidation, processing of contextual emotional memory, and inhibitory feedback on the hypothalamic-pituitary-adrenal axis (Leuner and Gould, 2010) . The mPFC plays important roles in emotion regulation and internal expression of emotion/fear conditioning (Phillips et al., 2008) . The ventromedial (vm)PFC in particular supports fear extinction recall (Quirk et al., 2006) .
Studies of subjects with PTSD suggest both overgeneralized fear responses and impaired fear extinction (e.g., Peri et al., 2000; Orr et al., 2000; Jovanovic et al., 2010) . Functional brain-imaging studies have documented increased amygdala activation to a variety of emotional stimuli (Shin and Liberzon, 2010) , and studies of fear extinction have revealed decreased activation of the vmPFC and hippocampus (e.g., Milad et al., 2009; Bremner et al., 2005) . The above findings, along with structural brain imaging studies, have led to a working model of PTSD in which the amygdala shows enhanced activation to emotional stimuli, with impaired recruitment of the vmPFC and hippocampus in modulating and extinguishing fear responses.
However, some studies have found no differences in these brain structures in PTSD subjects compared to trauma-exposed or healthy controls (for review of structural brain studies in PTSD, see Shin and Liberzon, 2010) . These null findings may reflect variation in patient populations, trauma types, magnetic resonance imaging (MRI) acquisition parameters, morphometric analysis (e.g., manual tracing vs. automated algorithms), medication exposure, and relatively small effect sizes for some brain regions (Karl et al., 2006 Contents lists available at SciVerse ScienceDirect Psychiatry Research: Neuroimaging j o u r n a l h o m e p a g e : w w w . e l s e v i e r . c o m / l o c a t e / p s y c h r e s n s
